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SEMICONDUCTOR MEMORY HAVING
VOLATILE AND MULTI-BIT NON-VOLATILE
FUNCTIONALITY AND METHOD OF
OPERATING

CROSS-REFERENCE

This application is a division of co-pending application
Ser. No. 13,196,471, which is a continuation of Ser. No.
12/420,659 filed on Apr. 8, 2009, now U.S. Pat. No. 8,014,
200, which claims the benefit of U.S. Provisional Application
No. 61/043,131, filed Apr. 8, 2008, all of which applications
are hereby incorporated herein, in their entireties, by refer-
ence thereto, and to which applications we claim priority
under 35 U.S.C. Sections 119 and 120.

FIELD OF THE INVENTION

The present inventions relates to semiconductor memory
technology. More specifically, the present invention relates to
semiconductor memory having both volatile and non-volatile
semiconductor memory features.

BACKGROUND OF THE INVENTION

Semiconductor memory devices are used extensively to
store data. Memory devices can be characterized according to
two general types: volatile and non-volatile. Volatile memory
devices such as static random access memory (SRAM) and
dynamic random access memory (DRAM) lose data that is
stored therein when power is not continuously supplied
thereto.

Non-volatile memory devices, such as flash erasable pro-
grammable read only memory (Flash EPROM) devices,
retain stored data even in the absence of power supplied
thereto. Unfortunately, non-volatile memory devices typi-
cally operate more slowly than volatile memory devices.
Accordingly, it would be desirable to provide a universal type
memory device that includes the advantages of both volatile
and non-volatile memory devices, i.c., fast operation on par
with volatile memories, while having the ability to retain
stored data when power is discontinued to the memory
device. It would further be desirable to provide such a uni-
versal type memory device having a size that is not prohibi-
tively larger than comparable volatile or non-volatile devices
and which has comparable storage capacity to the same.

SUMMARY OF THE INVENTION

The present invention provides semiconductor memory
having both volatile and non-volatile modes and methods of
operation of the same.

In at least one embodiment, a semiconductor memory cell
according to the present invention includes: a substrate hav-
ing a first conductivity type; a first region embedded in the
substrate at a first location of the substrate and having a
second conductivity type; a second region embedded in the
substrate at a second location of the substrate and have the
second conductivity type, such that at least a portion of the
substrate having the first conductivity type is located between
the first and second locations and functions as a floating body
to store data in volatile memory; a trapping layer positioned in
between the first and second locations and above a surface of
the substrate; the trapping layer comprising first and second
storage locations being configured to store data as nonvolatile
memory independently of one another; and a control gate
positioned above the trapping layer.
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In at least one embodiment, the first and second storage
locations are each configured to receive transfer of data stored
by the volatile memory and store the data as nonvolatile
memory in the trapping layer.

In at least one embodiment, only one of the first and second
storage locations is configured to receive transfer of data
stored by the volatile memory upon interruption of power to
the memory cell.

In at least one embodiment, the surface of the substrate
comprises a top surface, the cell further comprising a buried
layer at a bottom portion of the substrate, the buried layer
having the second conductivity type.

In atleast one embodiment, the floating body is completely
bounded by the top surface, the first and second regions and
the buried layer.

In at least one embodiment, the first conductivity type is
“p” type and the second conductivity type is “n” type.

In at least one embodiment, insulating layers bound the
side surfaces of the substrate.

In atleast one embodiment, the cell is configured for use as
non-volatile memory with fast read/write speed, and the vola-
tile memory is used as a write buffer.

In at least one embodiment, the cell is configured so that
one of the first and second storage locations interacts with the
floating body so that the memory cell provides both volatile
and non-volatile memory functionality, and the other of the
first and second storage locations is configured to store non-
volatile data that is not used as volatile memory by the floating
body.

In at least one embodiment, the cell functions as a multi-
level cell.

In at least one embodiment, at least one of the first and
second storage locations is configured so that more than one
bit of data can be stored in the at least one of the first and
second storage locations, respectively.

A method of operating a memory cell device having a
plurality of memory cells each having a floating body for
storing, reading and writing data as volatile memory, and a
trapping layer having first and second storage locations for
storing data as non-volatile memory is provided, wherein the
method includes: writing data to the floating body of a
memory cell of the device; writing additional data to the
floating body of another memory cell of the device, while at
the same time commencing writing data from the floating
body of the previous memory cell to non-volatile storage of
that cell; and continuing to write additional data to the floating
bodies of more memory cells of the device, as volatile
memory, while at the same time, writing volatile memory
from cells in which data has already been written to the
floating bodies thereof, to non-volatile memory in a mass
parallel, non-algorithmic process.

In at least one embodiment, the cells are arranged in rows
and columns, and wherein, after a segment of the memory
array (for example, an entire row of cells) have stored a bit of
volatile data, each in the floating body of each cell, respec-
tively, and after the volatile data has been written to the
nonvolatile storage by storing in one of two storage locations
provided in a trapping layer of each the cell, respectively, the
method further comprising repeating the steps of the method
described in the preceding paragraph, but wherein the writing
of data from the floating bodies to the non-volatile memory
comprises storing the data in the second location of the trap-
ping layer of the cell, respectively for the plurality of cells.

A method of operating a memory cell having a floating
body for storing, reading and writing data as volatile memory,
and a trapping layer comprising two storage locations for
storing data as non-volatile memory is provided, wherein the
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method includes: storing permanent data in one of the two
storage locations in the trapping layer; storing additional data
to the floating body while power is applied to the memory
cell; transferring the additional data stored in the floating
body to the other of the two storage locations of the trapping
layer when power to the cell is interrupted; and storing the
additional data in the other of the two storage locations of the
trapping layer as non-volatile memory.

In at least one embodiment, the additional data stored in the
floating body is stored as volatile memory.

In at least one embodiment, the method further includes
transferring the additional data stored in the other of the two
storage locations of the trapping layer to the floating body
when power is restored to the cell; and storing the data in the
floating body as volatile memory; wherein the permanent
data stored in the one of the two storage locations in the
trapping layer remains unchanged when power to the cell is
interrupted and when power is restored to the cell.

In at least one embodiment, the additional data transferred
is stored in the other of the two storage locations of the
trapping layer with a charge that is complementary to a charge
of the floating body when storing the additional data.

In at least one embodiment, the transferring is a non-algo-
rithmic process.

In at least one embodiment, the method is carried out on a
plurality of the cells in a memory cell device, wherein the
transferring is a parallel, non-algorithmic process.

In at least one embodiment, the method further includes
restoring the other of the two storage locations of the trapping
layer to a predetermined charge state, while leaving a state of
the one of the two storage locations of the trapping layer
unchanged.

In at least one embodiment, the method includes writing a
predetermined state to the floating body prior to the transfer-
ring the additional data stored in the other of the two storage
locations of the trapping layer to the floating body.

These and other features of the invention will become
apparent to those persons skilled in the art upon reading the
details of the memory cells, devices and methods as more
fully described below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1is a flowchart illustrating operation of a memory cell
of'a memory device according to the present invention.

FIG. 2 is a schematic, cross-sectional view of an embodi-
ment of a memory cell according to the present invention.

FIG. 3 is a schematic diagram showing an example of array
architecture of a memory cell device according to an embodi-
ment of the present invention.

FIG. 4 illustrates an operating condition for the write state
“1” operation that can be carried out on a memory cell accord-
ing to the present invention.

FIG. 5 illustrates an operating condition for the write state
“0” operation that can be carried out on a memory cell accord-
ing to the present invention.

FIG. 6 illustrates a read operation that can be carried out on
a memory cell according to the present invention.

FIGS. 7A and 7B illustrate shadowing operations accord-
ing to the present invention.

FIGS. 8A and 8B illustrate restore operations according to
the present invention.

FIG. 9 illustrates resetting at least one trapping layer to a
predetermined state.
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FIG. 10 is a flow chart illustrating the application of a
memory cell, according to an embodiment of the present
invention, as a multi-bit non-volatile memory with fast read/
write speed.

FIGS. 11A-11B illustrate a read operation of the non-
volatile state of a memory cell according to an embodiment of
the present invention.

FIG. 12 is a flow chart illustrating the application of an
embodiment of a memory cell device according to the present
invention, wherein each memory cell is usable to store mul-
tiple bits of data, and wherein one bit of each cell has both
volatile and non-volatile functionality, while another bit of
each cell is useable to store non-volatile data.

FIG. 13 is a schematic, cross-sectional representation of
another embodiment of a memory cell according to the
present invention.

FIG. 14 is a schematic diagram showing an example of
array architecture of another embodiment of a memory cell
according to the present invention.

FIG. 15 illustrates an example of a partial row of memory
cells assembled in a memory device according to the archi-
tecture shown in FIG. 14.

FIG. 16A illustrates the binary states of each non-volatile
storage location, relative to threshold voltage.

FIG. 16B illustrates the multi-level states of each non-
volatile storage location, relative to threshold voltage.

DETAILED DESCRIPTION OF THE INVENTION

Before the present devices and methods are described, it is
to be understood that this invention is not limited to particular
embodiments described, as such may, of course, vary. It is
also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only, and is
not intended to be limiting, since the scope of the present
invention will be limited only by the appended claims.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range is also specifically
disclosed. Each smaller range between any stated value or
intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed within
the invention. The upper and lower limits of these smaller
ranges may independently be included or excluded in the
range, and each range where either, neither or both limits are
included in the smaller ranges is also encompassed within the
invention, subject to any specifically excluded limit in the
stated range. Where the stated range includes one or both of
the limits, ranges excluding either or both of those included
limits are also included in the invention.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present invention, the preferred methods
and materials are now described. All publications mentioned
herein are incorporated herein by reference to disclose and
describe the methods and/or materials in connection with
which the publications are cited.

It must be noted that as used herein and in the appended
claims, the singular forms “a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a cell” includes a plurality of such
cells and reference to “the transistor” includes reference to
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one or more transistors and equivalents thereof known to
those skilled in the art, and so forth.

The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present applica-
tion. Nothing herein is to be construed as an admission that
the present invention is not entitled to antedate such publica-
tion by virtue of prior invention. Further, the dates of publi-
cation provided may be different from the actual publication
dates which may need to be independently confirmed.

DEFINITIONS
The terms “shadowing” “shadowing operation” and “shad-
owing process” refer to a process of copying the contents of
volatile memory to non-volatile memory.

“Restore”, “restore operation”, or “restore process”, as
used herein, refers to a process of copying the contents of
non-volatile memory to volatile memory.

“Reset”, “reset operation”, or “reset process”, as used
herein, refers to a process of setting non-volatile memory to a
predetermined state following a restore process, or when
otherwise setting the non-volatile memory to an initial state
(such as when powering up for the first time, prior to ever
storing data in the non-volatile memory, for example).

“Permanent data” as used herein, is referred to data that
typically will not be changed during the operation of a system
employing a memory cell device as described herein, and thus
can be stored indefinitely in non-volatile memory. Examples
of such “permanent data” include, but are not limited to
program files, application files, music files, video files, oper-
ating systems, etc.

Devices and Methods

FIG.1is a flowchart 100 illustrating operation of a memory
device according to the present invention. At event 102, when
power is first applied to the memory device, the memory
device is placed in an initial state, in a volatile operational
mode and the nonvolatile memory is set to a predetermined
state, typically set to have a positive charge. At event 104,
while power is still on, the memory device of the present
invention operates in the same manner as a conventional
DRAM (dynamic random access memory) memory cell, i.e.,
operating as volatile memory. However, during power shut-
down, or when power is inadvertently lost, or any other event
that discontinues or upsets power to the memory device of the
present invention, the content of the volatile memory is
loaded into non-volatile memory at event 106, during a pro-
cess which is referred to here as “shadowing” (event 106), and
the data held in volatile memory is lost. Shadowing can also
be performed during backup operations, which may be per-
formed at regular intervals during DRAM operation 104 peri-
ods, and/or at any time that a user manually instructs a
backup. During a backup operation, the content of the volatile
memory is copied to the non-volatile memory while power is
maintained to the volatile memory so that the content of the
volatile memory also remains in volatile memory. Alterna-
tively, because the volatile memory operation consumes more
power than the non-volatile storage of the contents of the
volatile memory, the device can be configured to perform the
shadowing process anytime the device has been idle for at
least a predetermined period of time, thereby transferring the
contents of the volatile memory into non-volatile memory
and conserving power. As one example, the predetermined
time period can be about thirty minutes, but of course, the
invention is not limited to this time period, as the device could
be programmed with virtually any predetermined time
period.
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After the content of the volatile memory has been moved
during a shadowing operation to nonvolatile memory, the
shutdown of the memory device occurs, as power is no longer
supplied to the volatile memory. At this time, the memory
device functions like a Flash EPROM (erasable, program-
mable read-only memory) device in that it retains the stored
data in the nonvolatile memory. Upon restoring power at
event 108, the content of the nonvolatile memory is restored
by transferring the content of the non-volatile memory to the
volatile memory in a process referred to herein as the
“restore” process, after which, upon resetting the memory
device at event 110, the memory device is again set to the
initial state 102 and again operates in a volatile mode, like a
DRAM memory device, event 104.

The present invention thus provides a memory device
which combines the fast operation of volatile memories with
the ability to retain charge that is provided in nonvolatile
memories. Further, the data transfer from the volatile mode to
the non-volatile mode and vice versa, operate in parallel by a
non-algorithmic process described below, which greatly
enhances the speed of operation of the storage device. As one
non-limiting practical application of use of a memory device
according to the present invention, a description of operation
of the memory device in a personal computer follows. This
example is in no way intended to limit the applications in
which the present invention may be used, as there are many
applications, including, but not limited to: cell phones, laptop
computers, desktop computers, kitchen appliances, land line
phones, electronic gaming, video games, personal organizers,
mp3 and other electronic forms of digital music players, and
any other applications, too numerous to mention here, thatuse
digital memory. In use, the volatile mode provides a fast
access speed and is what is used during normal operations
(i.e., when the power is on to the memory device). In an
example of use in a personal computer (PC), when the power
to the PC is on (i.e., the PC is turned on), the memory device
according to the present invention operates in volatile mode.
When the PC is shut down (i.e., power is turned off), the
memory content of the volatile memory is shadowed to the
non-volatile memory of the memory device according to the
present invention. When the PC is turned on again (power is
turned on), the memory content is restored from the non-
volatile memory to the volatile memory. A reset process is
then conducted on the non-volatile memory so that its data
does not interfere with the data having been transferred to the
volatile memory.

FIG. 2 schematically illustrates an embodiment of a
memory cell 50 according to the present invention. The cell
50 includes a substrate 12 of a first conductivity type, such as
a p-type conductivity type, for example. Substrate 12 is typi-
cally made of silicon, but may comprise germanium, silicon
germanium, gallium arsenide, carbon nanotubes, or other
semiconductor materials known in the art. The substrate 12
has a surface 14. A first region 16 having a second conduc-
tivity type, such as n-type, for example, is provided in sub-
strate 12 and which is exposed at surface 14. A second region
18 having the second conductivity type is also provided in
substrate 12, which is exposed at surface 14 and which is
spaced apart from the first region 16. First and second regions
16 and 18 are formed by an implantation process formed on
the material making up substrate 12, according to any of
implantation processes known and typically used in the art.

A buried layer 22 of the second conductivity type is also
provided in the substrate 12, buried in the substrate 12, as
shown. Region 22 can also be formed by an ion implantation
process on the material of substrate 12. A body region 24 of
the substrate 12 is bounded by surface 14, first and second



US 9,257,179 B2

7

regions 16,18 and insulating layers 26 (e.g. shallow trench
isolation (STI)), which may be made of silicon oxide, for
example. Insulating layers 26 insulate cell 50 from neighbor-
ing cells 50 when multiple cells 50 are joined to make a
memory device. A trapping layer 60 is positioned in between
the regions 16 and 18, and above the surface 14. Trapping
layer 60 may be made of silicon nitride, silicon nanocrystal or
high-K dielectric materials or other dielectric materials. Trap-
ping layer 60 is an insulator layer and functions to store
non-volatile memory data. Trapping layer 60 may have two
physically separated storage locations 62a, 625, so that each
cell 50 provides multi-bit, non-volatile storing functionality.

A control gate 64 is positioned above trapping layer 60
such that trapping layer 60 is positioned between control gate
64 and surface 14, as shown in FIG. 2. Control gate 64 is
typically made of polysilicon material or metal gate elec-
trode, such as tungsten, tantalum, titanium and/or their
nitrides. The trapping layer 60 functions to store non-volatile
memory data and the control gate 64 is used for memory cell
selection (e.g., control gate 64 connected to word line 70
which can be used to selected rows).

Cell 50 includes four terminals: word line (WL) terminal
70, bit line (BL) terminals 72 and 74 and buried well (BW)
terminal 76. Terminal 70 is connected to control gate 64.
Terminal 72 is connected to first region 16 and terminal 74 is
connected to second region 18. Alternatively, terminal 72 can
be connected to second region 18 and terminal 74 can be
connected to first region 16. Terminal 76 is connected to
buried layer 22.

FIG. 3 shows an example of an array architecture 80 of a
memory cell device according to the present invention,
wherein memory cells 50 are arranged in a plurality of rows
and columns. Alternatively, a memory cell device according
to the present invention may be provided in a single row or
column of a plurality of cells 50, but typically both a plurality
of rows and a plurality of columns are provided. Memory
cells 50 are connected such that within each row, all of the
control gates 64 are connected in common word line termi-
nals 70 (i.e., 70a, 7056 . . . , etc.). Within each column, all first
and second regions 16, 18 of cells 50 in that column are
connected in common bit line terminals 72 (i.e., 72a,
72b...,etc.)and 74 (i.e., 74a, 74b . . . , etc.).

FIG. 4 illustrates alternative write state “1” operations that
can be carried out on cell 50, by performing band-to-band
tunneling hot hole injection or, alternatively, impact ioniza-
tion hot hole injection. In further alternative embodiments,
electrons can be transferred, rather than holes by reversing
every designated “p” and “n” region to “n” and “p” regions,
respectively. As an example of performing a write state “1”
into the floating body region 24 using a band-to-band tunnel-
ing mechanism, a positive voltage is applied to BL.2 terminal
74, a neutral or positive voltage less than the positive voltage
applied to BL2 terminal 74 is applied to BL1 terminal 72, a
negative voltage is applied to WL terminal 70 and a positive
voltage less than the positive voltage applied to the BL2
terminal 74 is applied to BW terminal 76. Under these con-
ditions, holes are injected from BL2 terminal 74 into the
floating body region 24, leaving the body region 24 positively
charged. The positive voltages applied to the BLL1 and BL.2
terminals 72, 74 create depletion regions that shield the
effects of any charges that are stored in trapping layer 60.

In one particular non-limiting embodiment, a charge of
about +0.4 volts is applied to terminal 72, a charge of about
+2.0 volts is applied to terminal 74, a charge of about —1.2
volts is applied to terminal 70, and a charge of about +0.6
volts is applied to terminal 76. However, these voltage levels
may vary, while maintaining the relative relationships (e.g.,
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more positive than another terminal, less positive than
another terminal, etc.) between the voltages applied, as
described above. For example, voltage applied to terminal 72
may be in the range of about +0.1 volts to about +0.6 volts,
voltage applied to terminal 74 may be in the range of about
+1.2 volts to about +3.0 volts, voltage applied to terminal 70
may be in the range of about 0.0 volts to about 3.0 volts, and
voltage applied to terminal 76 may be in the range of about 0.0
volts to about +1.0 volts. Further, the voltages applied to
terminals 72 and 74 may be reversed, and still obtain the same
storage result of one volatile bit of data stored.

Alternatively, to write a state “1” using the impact ioniza-
tion hot hole injection mechanism, a positive voltage is
applied to BL2 terminal 74, a neutral or positive voltage less
than the positive voltage applied to terminal 74 is applied to
BL1 terminal 72, a positive voltage is applied to WL terminal
70 and a positive voltage less than the positive voltage applied
to terminal 74 is applied to BW terminal 76. Under these
conditions, holes are injected from BL2 terminal 74 into the
floating body region 24, leaving the body region 24 positively
charged. The positive voltages applied to terminals 72 and 74
create depletion regions that shield the effects of any charges
that are stored in trapping layer 60. Voltage on terminal 74 is
more positive (i.e., higher positive voltage) than that on ter-
minal 72. This condition results in impact ionization, creating
holes injected into the substrate.

In one particular non-limiting embodiment, a charge of
about +0.4 volts is applied to terminal 72, a charge of about
+2.0 volts is applied to terminal 74, a charge of about +1.2
volts is applied to terminal 70, and a charge of about +0.6
volts is applied to terminal 76. However, these voltage levels
may vary, while maintaining the relative relationships
between the voltages applied, as described above. For
example, voltage applied to terminal 72 may be in the range of
about +0.1 volts to about +0.6 volts, voltage applied to termi-
nal 74 may be in the range of about +1.2 volts to about +3.0
volts, voltage applied to terminal 70 may be in the range of
about 0.0 volts to about +1.6 volts, and voltage applied to
terminal 76 may be in the range of about 0.0 volts to about
+1.0 volts. Further, the voltages applied to terminals 72 and
74 may be reversed, and still obtain the same result.

FIG. 5 illustrates a write state “0” operation that can be
carried out on cell 50. To write a state “0” into floating body
region 24, a negative voltage is applied to BL1 terminal 72, a
substantially neutral or a negative voltage equal to the nega-
tive voltage applied to BL1 terminal 72 is applied to BL2
terminal 74, a negative voltage less negative than the negative
voltage applied to terminal 72 is applied to WL terminal 70
and a positive voltage is applied to BW terminal 76. Under
these conditions, the p-n junction (junction between 24 and
16 and between 24 and 18) is forward-biased, evacuating any
holes from the floating body 24. In one particular non-limit-
ing embodiment, about -2.0 volts is applied to terminal 72,
about —2.0 volts is applied to terminal 74, about —1.2 volts is
applied to terminal 70, and about +0.6 volts is applied to
terminal 76. However, these voltage levels may vary, while
maintaining the relative relationships between the voltages
applied, as described above. For example, voltage applied to
terminal 72 may be in the range of about —1.0 volts to about
-3.0volts, voltage applied to terminal 74 may be in the range
of about 0.0 volts to about -3.0 volts, voltage applied to
terminal 70 may be in the range of about 0.0 volts to about
-3.0 volts, and voltage applied to terminal 76 may be in the
range of about 0.0 volts to about +1.0 volts.

A read operation of the cell 50 is now described with
reference to FIG. 6. To read cell 50, a substantially neutral
charge is applied to BL1 terminal 72, a positive voltage is
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applied to BL.2 terminal 74, a positive voltage that is more
positive than the positive voltage applied to terminal 74 is
applied to WL terminal 70 and a positive voltage that is less
than the positive voltage applied to terminal 70 is applied to
BW terminal 76. If cell 50 is in a state “1”” having holes in the
body region 24, then a lower threshold voltage (gate voltage
where the transistor is turned on) is observed compared to the
threshold voltage observed when cell 50 is in a state “0”
having no holes in body region 24. In one particular non-
limiting embodiment, about 0.0 volts is applied to terminal
72, about +0.4 volts is applied to terminal 74, about +1.2 volts
is applied to terminal 70, and about +0.6 volts is applied to
terminal 76. However, these voltage levels may vary, while
maintaining the relative relationships between the voltages
applied, as described above. For example, terminal 72 is
grounded and is thus at about 0.0 volts, voltage applied to
terminal 74 may be in the range of about +0.1 volts to about
+1.0 volts, voltage applied to terminal 70 may be in the range
of'about +1.0 volts to about +3.0 volts, and voltage applied to
terminal 76 may be in the range of about 0.0 volts to about
+1.0 volts.

When power down is detected, e.g., when a user turns off
the power to cell 50, or the power is inadvertently interrupted,
or for any other reason, power is at least temporarily discon-
tinued to cell 50, or due to any specific commands by the user
such as during a backup operation, data stored in the floating
body region 24 is transferred to trapping layer 60 through a
hot electron injection mechanism. This operation is referred
to as “shadowing” and is described with reference to FIG. 7.
The shadowing process can be performed to store data in the
floating body region 24 to either storage location 62a or
storage location 625. To perform a shadowing operation to the
storage location 62a, a high positive voltage is applied to BL1
terminal 72 and a neutral or positive voltage less positive than
the positive voltage applied to terminal 72 is applied to BL2
terminal 74. A positive voltage is applied to terminal 70 and a
positive voltage lower than that applied to terminal 70 is
applied to terminal 76. Reference to a “high positive voltage”
in this instance means a voltage greater than or equal to about
+3 volts. In one example, a voltage in the range of about +3 to
about +6 volts is applied as a “high positive voltage”,
although it is possible to apply a higher voltage. When float-
ing body 24 has a positive charge/voltage, the NPN bipolar
junction formed by source drain application of the high volt-
age to terminal 72 energizes/accelerates electrons traveling
through the floating body 24 to a sufficient extent where they
can “jump into” storage location 62a, see FIG. 7A. Accord-
ingly, the storage location 62a in the trapping layer 60
becomes negatively charged by the shadowing process, when
the volatile memory of cell 50 is in state “1” (i.e., floating
body 24 is positively charged), as shown in FIG. 7A.

In one particular non-limiting embodiment, a voltage of
about +6.0 volts is applied to terminal 72, a voltage of about
+0.4 volts is applied to terminal 74, a voltage of about +1.2
volts is applied to terminal 70, and a voltage of about +0.6
volts is applied to terminal 76. However, these voltage levels
may vary, while maintaining the relative relationships
between the voltages applied, as described above. For
example, voltage applied to terminal 72 may be in the range of
about +3.0 volts to about +6.0 volts, voltage applied to termi-
nal 74 may be in the range of about 0.0 volts to about +1.0
volts, voltage applied to terminal 70 may be in the range of
about +0.8 volts to about +2.0 volts, and voltage applied to
terminal 76 may be in the range of about 0.0 volts to about
+1.0 volts.

When the volatile memory of cell 50 is in state “0”, i.e.,
when floating body 24 has a negative or neutral charge/volt-
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age, the n-p-n junction is off and electrons do not flow in the
floating body 24, as illustrated in FIG. 7B. Accordingly, when
voltages are applied to the terminals as described above, in
order to perform the shadowing process, the high positive
voltage applied to terminal 72 does not cause an acceleration
of electrons in order to cause hot electron injection into trap-
ping layer 60, since electrons are not flowing in this instance.
Accordingly, no charge injection occurs to the trapping layer
60 and it retains its charge at the end of the shadowing pro-
cess, when the volatile memory of cell 50 is in state “0” (i.e.,
floating body 24 is neutral or negatively charged), as shown in
FIG. 7B. As will be described in the description of the reset
operation, the storage locations 624, 625 in trapping layer 60
are initialized or reset to have a positive charge. As a result, if
the volatile memory of cell 50 is in state “0”, the storage
location 62a will have a positive charge at the end of the
shadowing process.

It is noted that the charge state of the storage location 62a
is complementary to the charge state of the floating body 24
after completion of the shadowing process. Thus, if the float-
ing body 24 of the memory cell 50 has a positive charge in
volatile memory, the trapping layer 60 will become more
negatively charged by the shadowing process, whereas if the
floating body of the memory cell 50 has a negative or neutral
charge in volatile memory, the storage location 62a will be
positively charge at the end of the shadowing operation.

The charge/state of the storage location 62a near BL1
terminal 72 is determined non-algorithmically by the state of
the floating body 24. That is, since the state of the floating
body does not have to be read, interpreted, or otherwise
measured to determine what state to make storage location
62a of trapping layer 60 during shadowing, but rather, the
shadowing process occurs automatically, driven by electrical
potential differences, the shadowing process is very fast. Fur-
ther, when shadowing of multiple cells 50 is performed, the
process is performed in parallel, thereby maintaining a very
fast process speed.

A shadowing operation to storage location 625 near BL.2
terminal 74 can be independently performed, in a similar
manner to that described for performing a shadowing opera-
tion to storage location 62a. The shadowing operation to
storage location 625 can be performed by reversing the volt-
ages applied to terminals 72 and 74 for the shadowing opera-
tion to storage location 62a.

When power is restored to cell 50, the state of the cell 50 as
stored on trapping layer 60 is restored into floating body
region 24. The restore operation (data restoration from non-
volatile memory to volatile memory) is described with refer-
ence to FIGS. 8A and 8B. Prior to the restore operation/
process, the floating body 24 is set to a neutral or negative
charge, i.e., a “0” state is written to floating body 24.

In the embodiment of FIGS. 8 A-8B, to perform the restore
operation of non-volatile data stored in storage location 62a,
terminal 72 is set to a substantially neutral voltage, a positive
voltage is applied to terminal 74, a negative voltage, or up to
a slightly positive voltage, is applied to terminal 70 and a
positive voltage that is less positive that the positive voltage
applied to terminal 74 is applied to terminal 76. The positive
voltage that is applied to terminal 74 creates a depletion
region, shielding the effects of charge stored in storage loca-
tion 62b. If the storage location 62a is negatively charged, as
illustrated in FIG. 8A, this negative charge enhances the
driving force for the band-to-band hot hole injection process,
whereby holes are injected from the n-region 18 into floating
body 24, thereby restoring the “1” state that the volatile
memory cell 50 had held prior to the performance of the
shadowing operation. Alternatively, if the storage location
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62a of trapping layer 60 is not negatively charged, such as
when the storage location 62aq is positively charged as shown
in FIG. 8B or is neutral, the hot band-to-band hole injection
process does not occur, as illustrated in FIG. 8B, resulting in
memory cell 50 having a “0” state, just as it did prior to
performance of the shadowing process. Accordingly if stor-
age location 62a has a positive charge after shadowing is
performed, the volatile memory of floating body 24 will be
restored to have a negative charge (“0” state), but if the stor-
age location 62a has a negative or neutral charge, the volatile
memory of floating body 24 will be restored to have a positive
charge (“1” state).

In one particular non-limiting embodiment, a voltage of
about 0.0 volts is applied to terminal 72, a voltage of about
+2.0 volts is applied to terminal 74, a voltage of about -0.5
volts is applied to terminal 70, and a voltage of about +0.6
volts is applied to terminal 76. However, these voltage levels
may vary, while maintaining the relative relationships
between the voltages applied, as described above. For
example, terminal 72 is grounded and is thus at about 0.0
volts, voltage applied to terminal 74 may be in the range of
about +1.2 volts to about +3.0 volts, voltage applied to termi-
nal 70 may be in the range of about —1.0 volts to about +1.0
volts, and voltage applied to terminal 76 may be in the range
of about 0.0 volts to about +1.0 volts.

A restore operation of the non-volatile data stored in stor-
age location 625 can be performed, in a similar manner to that
described above for performing a restore operation of the
non-volatile data stored in storage location 62a, by reversing
the voltages applied to terminals 72 and 74 for the restore
operation from storage location 62a.

After the restore operation has been completed, the state of
the storage locations 624, 625 of trapping layer 60 can be reset
to an initial state. The reset operation of non-volatile storage
location 62a is described with reference to FIG. 9. A high
negative voltage is applied to terminal 70, a neutral or positive
voltage is applied to terminal 72, a positive voltage is applied
to terminal 76 and terminal 74 is left floating. Under these
conditions, electrons tunnel from storage location 62a to the
n* junction region 16. As a result, the storage location 62a
becomes positively charged.

In one particular non-limiting example of a reset process
according to this embodiment, about —18 volts are applied to
terminal 70, about 0.0 volts are applied to terminal 72, about
+0.6 volts are applied to terminal 76, and terminal 74 is left
floating. However, these voltage levels may vary, while main-
taining the relative relationships between the voltages
applied, as described above. For example, voltage applied to
terminal 70 may be in the range of about —12.0 volts to about
-20.0 volts, voltage applied to terminal 72 may be I the range
of'about 0.0 volts to about +3.0 volts, and voltage applied to
terminal 76 may be in the range of about 0.0 volts to about
+1.0 volts.

A reset operation of the non-volatile storage location 626
can be independently performed, in a similar manner to that
described above for performing a reset operation of the non-
volatile storage location 62a, by applying the voltages
applied to terminal 72 for the reset operation of storage loca-
tion 62a, to terminal 74 for the reset operation of storage
location 624 and by letting terminal 72 float.

A reset operation can be performed simultaneously to both
storage locations 62a and 625 by applying a high negative
voltage to terminal 70, applying equal neutral or positive
voltages to terminals 72 and 74, and by applying a voltage of
about +0.6 volts to terminal 76. These voltage levels may
vary, as long as maintenance of the relative relationships
between the voltages applied are maintained as described
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above. For example, voltage applied to terminal 70 may be a
voltage in the range of from about —12.0 volts to about -20.0
volts, voltage applied to both terminals 72 and 74 may be in
the range of about 0.0 volts to about +3.0 volts, and voltage
applied to terminal 76 may be in the range of about 0.0 volts
to about +1.0 volts.

From the above description, it can be seen that the present
invention provides a semiconductor memory cell having
volatile and multi-bit, non-volatile functionality, as well as
devices comprising a plurality of these cells.

According to one embodiment, the present invention can
be used as non-volatile memory with fast read/write speed,
using the volatile memory as a write buffer. FIG. 10 is a flow
chart describing operations that are performed when using the
present invention as non-volatile memory with fast read/write
speed. At event 1002, when a non-volatile write is to be
performed, the memory device is placed in an initial state by
setting the non-volatile memory to a predetermined state.
Depending on the non-volatile data to be written, both non-
volatile storage locations of a cell can be reset, or only one of
the two storage locations 62a or 625 can be reset at event
1012. At event 1004, the data is first written to the floating
body region 24. Data is written to the floating body region 24
using write “1” and write “0” operations described above
(e.g., see FIGS. 4 and 5 and the descriptions thereof).

After the volatile write operations has been completed for
a segment of the memory array/memory device (for example,
row 1 (R1) in FIG. 3), the content of the volatile data is then
shadowed to the first non-volatile storage location (either
storage location 62a or 62b) at shadowing event 1006. The
data is written from the floating body region 24 to the non-
volatile state (storage location 62a or 625) in a mass parallel,
non-algorithmic manner, using the shadowing operation
described above, such that shadowing occurs in all cell of the
segment simultaneously. Simultaneous to the shadowing
event 1006, more data can be written to the floating body
regions 24 of the memory cells 50 at other locations of the
memory array (for example, row R2 in this case)

Thus, this embodiment can be used to improve the writing
speed of a non-volatile memory device. By using the floating
body regions 24 of the cells 50 as a buffer in this manner, this
greatly increases the speed of storing nonvolatile memory
(i.e., writing).

For example, the writing speed of data to a prior art flash
memory device that does not include the volatile memory
buffer of the present invention takes about 10 psec (micro-
seconds) to write a bit of data at a first location before moving
on to store the next bit of data at the next cell. With the present
invention, writing to volatile memory (i.e., the floating body
24) of cell 50 takes about 10 nsec (nano-seconds). Accord-
ingly this process is three orders of magnitude faster than the
conventional non-volatile flash memory, and data can be writ-
ten to the floating bodies of many cells 50 as a buffer storage
area while the writing from volatile to non-volatile memory
proceeds in a mass parallel, non algorithmic manner.

Once the volatile data for a segment of the memory array
(for example, an entire row of cells 50, or some other seg-
ment) have been shadowed to the non-volatile storage loca-
tions (either in storage location 62a or storage location 626 of
the cells 50 in the segment, respectively), processing contin-
ues for non-volatile storage of data in the other storage loca-
tion (62a or 62b) of each cell. Thus, after data has been written
from floating body 24 to the first storage location (62a or
62b), for example, in the last column C8 in FIG. 3, and the
volatile data in the floating body 24 at first column C1 has
been shadowed to the first or second storage location (62a or
625) of trapping layer 60, data can then be written to volatile
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storage in floating body 24 in C1 for subsequent writing to
non-volatile storage in the other storage location (62a or 625).
The volatile data is written to the volatile storage in floating
body region 24 of the memory cells 50 that have completed
the shadowing operation at event 1006 (for example, referring
to FIG. 3, from column 1 (C1) in row 1 (R1)). In the same
manner, after the volatile data has been written to the floating
body region 24, a shadowing operation to the second storage
location (62a or 625) can be performed at event 1010.

Data written to the non-volatile storage can be read as
described below, with reference to FIGS. 11A-11B. To read
the data in storage location 62a, a substantially neutral or
relatively low positive voltage is applied to BL1 terminal 72,
a positive voltage higher than the voltage applied to terminal
72 is applied to BL2 terminal 74, a positive voltage that is
more positive than the positive voltage applied to terminal 74
is applied to WL terminal 70 and a positive voltage that is less
than the positive voltage applied to terminal 70 is applied to
BW terminal 76. The positive voltage applied to BL2 terminal
74 creates a depletion region that shields the effects of charges
stored in storage location 62b. If storage location 62a is
positively charged, i.e., inastate “1” (FIG. 11A), then a lower
threshold voltage is observed compared to the threshold volt-
age observed when cell 50 (i.e., charge on storage location
62a) is negatively charged, i.e., in a state “0”.

In one particular non-limiting example of a read operation
of non-volatile data in storage location 62a, about 0.0 volts
are applied to terminal 72, about +0.4 volts are applied to
terminal 74, about +1.2 volts are applied to terminal 70, and
about +0.6 volts are applied to terminal 76. However, these
voltage levels may vary, while maintaining the relative rela-
tionships between the voltages applied, as described above.
For example, terminal 72 is grounded and is thus at about 0.0
volts, voltage applied to terminal 74 may be in the range of
about +0.1 volts to about +1.0 volts, voltage applied to termi-
nal 70 may be in the range of about +1.0 volts to about +3.0
volts, and voltage applied to terminal 76 may be in the range
of about 0.0 volts to about +1.0 volts.

A read operation of non-volatile data in the storage location
625 can be independently performed, in a similar manner to
that described above for performing a read operation of non-
volatile data in the storage location 624, by reversing the
voltages applied to terminals 72 and 74.

In an alternative use, a memory device according to the
present invention can be used to store multiple bits of data in
each memory cell 50, wherein one bit of the cell 50 provides
both volatile and non-volatile functionality and the other bit
of the cell 50 is use to store non-volatile data as “permanent
data”, which is data that does not change in value during
routine use. For example, the non-volatile storage bits can be
used to store applications, programs, etc. and/or data that is
not frequently modified, such as an operating system image,
multimedia files, etc. The bits having both volatile and non-
volatile functionality can be used to store state variable, etc.
that can be stored in the absence of power. FIG. 12 is a
flowchart illustrating an example of this type of use.

After initializing or resetting the memory at event 1202, the
non-volatile bit of the memory cell (i.e., storage location 62a
or storage location 625, whichever is being used for the non-
volatile bit) is written in the same manner as described above,
by first writing the volatile state (i.e., writing “1” or “0” to
floating body 24) followed by a mass parallel, non-algorith-
mic shadowing operation to one of the storage locations of the
respective cells 50 (e.g., storage location 62a or 62b), see
event 1204.

Subsequently, the floating body 24 is used to store volatile
state information at event 1206. When power down is
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detected, e.g., wherein a user turns off the power to cell/cells
50, or the power is inadvertently interrupted, or for any other
reason, power is at least discontinued to cell 50, or due to any
specific commands by the user such as during a backup opera-
tion, or when non-volatile data stored in storage location 62a
(or 625, depending upon which storage location is being used
as the non-volatile bit), data stored in the floating body region
24 is transferred (event 1208) to storage location 626 (when
storage location 62a is used as the non-volatile bit) through a
hot electron injection mechanism described above. When
power is restored to the cell 50, the state ofthe cell 50 as stored
on trapping layer 60 (in storage location 624, for this
example) is restored into floating body region 24 at event
1210, by a restore operation already previously described
above, and then the state of storage location 625 is reset at
event 1212.

FIG. 13 schematically illustrates another embodiment of a
memory cell 150 according to the present invention. Cell 150
includes a substrate 112 of a first conductivity type, such as a
p-type conductivity type, for example. Substrate 112 is typi-
cally made of silicon, but may comprise germanium, silicon
germanium, gallium arsenide, carbon nanotubes, or other
semiconductor materials known in the art. The substrate 112
has a surface 114. A first region 116 having a second conduc-
tivity type, such as n-type, for example, is provided in sub-
strate 112 and which is exposed at surface 114. A second
region 118 having the second conductivity type is also pro-
vided in substrate 112, which is exposed at surface 114 and
which is spaced apart from the first region 116. First and
second regions 116 and 118 are formed by an implantation
process formed on the material making up substrate 112,
according to any of implantation processes known and typi-
cally used in the art.

A buried layer 122, such as buried oxide (BOX) is also
provided in the substrate 112, buried in the substrate, 112 as
shown. A body region 124 of the substrate 112 is completely
bounded by surface 114, first and second regions 116,118 and
the buried insulating layer 122. A trapping layer 160 is posi-
tioned in between the regions 116 and 118, and above the
surface 114. Trapping layer 160 may be made of silicon
nitride, silicon nanocrystal or high-K dielectric materials or
other dielectric materials. Trapping layer 160 is an insulator
layer and functions to store non-volatile memory data. Trap-
ping layer 160 may have two physically separated storage
locations 162a, 1625, so that each cell 150 provides multi-bit,
non-volatile storing functionality.

A control gate 164 is positioned above trapping layer 160
such that trapping layer 160 is positioned between control
gate 164 and surface 114, as shown in FIG. 13. Control gate
164 is typically made of polysilicon material or metal gate
electrode, such as tungsten, tantalum, titanium and/or their
nitrides. The relationship between the trapping layer 160 and
control gate 164 is similar to that of a trapped charge-based
nonvolatile memory cell. The trapping layer 160 functions to
store non-volatile memory data and the control gate 164 is
used for memory cell selection (for example, to select rows in
a memory cell array/device).

Cell 150 includes four terminals: word line (WL) terminal
170, bit line (BL1 and BL2) terminals 172 and 174 and
substrate terminal 176. Terminal 170 is connected to control
gate 164. Terminal 172 is connected to first region 116 and
terminal 174 is connected to second region 118. Alternatively,
terminal 172 can be connected to second region 118 and
terminal 174 can be connected to first region 116. Terminal
176 is connected to the substrate 112.

FIG. 14 shows an example of an array architecture 180 of
a memory cell device according to the present invention,
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wherein memory cells 150 are arranged in a plurality of rows
and columns. Alternatively, a memory cell device according
to the present invention may be provided in a single row or
column of a plurality of cells 150, but typically both a plural-
ity of rows and a plurality of columns are provided. Memory
cells 150 are connected such that within each row, all of the
control gates 164 are connected in a common word line ter-
minal 70 (i.e., 70a, 706 . . . , etc., depending on which row is
being described). Within each column, all first and second
regions 116, 118 of cells 150 in that column are connected in
common bit line terminals 172 (i.e.,1724,17254 .. ., etc.) and
174 (i.e.,174a,174b . . ., etc.).

Because each cell 150 is provided with a buried insulator
layer 122 that, together with regions 116 and 118, bound the
lower and side boundaries of floating body 124, insulating
layers 26 are not required to bound the sides of the floating
body 24 like in the embodiment of FIG. 2. Because insulating
layers 26 are not required by cells 150, less terminals are
required for operation of the memory cells 150 in an array of
such cells assembled into a memory cell device. FIG. 15
illustrates an example of a partial row of memory cells 150
assembled in a memory device according to the architecture
shown in FIG. 14. Because the adjacent cells 150 are not
isolated by insulating layer 26, adjacent regions 116, 118 are
also not isolated by insulating layer 26. Accordingly, a single
terminal 172 or 174 can be used to function as terminal 174
for region 118 of one a pair of adjacent cells 150, and, by
reversing the polarity thereof, can also be used to function as
terminal 172 for region 116 of the other cell of the pair, where
region 118 of the first cell contacts region 116 of the second
cell 150. For example, in FIG. 15, terminal 174a can be
operated to function as terminal 174 for region 118 of cell
150a and, by reversing the polarity of the voltage applied to
terminal 174a, terminal 174a can be operated to function as
terminal 172 for region 116 of cell 1505. By reducing the
number of terminals required in a memory cell device in this
way, the present invention can be manufactured to have a
smaller volume, relative to a memory cell device of the same
capacity that requires a pair ofterminals 172, 174 foreach cell
that are separate from the terminals 172, 174 of the adjacent
cells in the row.

Up until this point, the description of cells 50 and 150 have
been in regard to binary cells, in which the data memories,
both volatile and non-volatile, are binary, meaning that they
either store state “1” or state “0”. FIG. 16A illustrates the
states of a binary cell, relative to threshold voltage, wherein a
threshold voltage less than or equal to a predetermined volt-
age (in one example, the predetermined voltage is 0 volts, but
the predetermined voltage may be a higher or lower voltage)
in memory cell 50 or 150 is interpreted as state “1”, and a
voltage greater than the predetermined voltage in memory
cell 50 or 150 is interpreted as state “0”. However, in an
alternative embodiment, the memory cells described herein
can be configured to function as multi-level cells, so that more
than one bit of data can be stored in each cell 50,150. FIG.
168 illustrates an example of voltage states of a multi-level
cell wherein two bits of data can be stored in each storage
location 62a, 625, 162a, 162b. In this case, a threshold volt-
age less than or equal to a first predetermined voltage (e.g., 0
volts or some other predetermined voltage) and greater than a
second predetermined voltage that is less than the first prede-
termined voltage (e.g., about 0.5 volts or some other voltage
less than the first predetermined voltage) in memory cell
50,150 is interpreted as state “10”, a voltage less than or equal
to the second predetermined voltage is interpreted as state
“11”, a voltage greater than the first predetermined voltage
and less than or equal to a third predetermined voltage that is
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greater than the first predetermined voltage (e.g., about +0.5
volts or some other predetermined voltage that is greater than
the first predetermined voltage) is interpreted to be state “01”
and a voltage greater than the third predetermined voltage is
interpreted as state “00”. Each of the non-volatile storage
locations (e.g. storage locations 62a and 625 or 162a and
162b) can store multi-bit data, hence further increase the
number of bits stored on each memory cells 50 and 150.
Further details about multi-level operation can be found in
co-pending, commonly owned application Ser. No. 11/998,
311 filed Nov. 29, 2007, now U.S. Pat. No. 7,760,548. Appli-
cation Ser. No. 11/998,311 is hereby incorporated herein, in
its entirety, by reference thereto.

From the foregoing, it can be seen that with the present
invention, a semiconductor memory having volatile and
multi-bit, non-volatile functionality is achieved. While the
present invention has been described with reference to the
specific embodiments thereof, and enable one of ordinary
skill in the art to make and use what is considered presently to
be the best mode thereof, it should be understood by those of
ordinary skill in the art that various changes may be made and
equivalents may be substituted without departing from the
true spirit and scope of the invention. In addition, many modi-
fications may be made to adapt a particular situation, mate-
rial, composition of matter, process, process step or steps, to
the objective, spirit and scope of the present invention. All
such modifications are intended to be within the scope of the
claims appended hereto.

That which is claimed is:

1. A method of operating a memory cell having a floating
body for storing, reading, and writing data as volatile
memory, and a trapping layer comprising two storage loca-
tions for storing data as non-volatile memory, the method
comprising:

storing permanent data in one of said two storage locations

in the trapping layer;

storing additional data to the floating body while power is

applied to the memory cell; and

transferring the additional data stored in the floating body

to the other of said two storage locations of the trapping
layer as non-volatile memory when power to the cell is
interrupted;

wherein when said volatile memory cell is in a first state,

electrons are injected into said trapping layer and when
said volatile memory cell is in a second state, no elec-
trons are injected into said trapping layer.

2. The method of claim 1, wherein the additional data
stored in the floating body is stored as volatile memory.

3. The method of claim 1 wherein the additional data trans-
ferred is stored in the other of said two storage locations of the
trapping layer with a charge that is complementary to a charge
of the floating body when storing the additional data.

4. The method of claim 1, wherein the transferring is a
non-algorithmic process.

5. The method of claim 4 carried out on a plurality of said
cells in a memory cell device, wherein the transferring is a
parallel, non-algorithmic process.

6. A method of operating a memory cell having a floating
body for storing, reading, and writing data as volatile
memory, and a trapping layer comprising two storage loca-
tions for storing data as non-volatile memory, the method
comprising:

storing permanent data in one of said two storage locations

in the trapping layer;

storing additional data to the floating body while power is

applied to the memory cell;
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transferring the additional data stored in the floating body
to the other of said two storage locations of the trapping
layer as non-volatile memory when power to the cell is
interrupted; and

transferring the additional data stored in the other of said

two storage locations of the trapping layer to the floating
body when power is restored to the memory cell;
wherein a charge of the floating body restoration of power
to said memory cell depends on a charge stored in the
other of said two storage locations of the trapping layer.

7. The method of claim 6, wherein the permanent data
stored in one of said two storage locations of the trapping
layer remains unchanged when power to the cell is interrupted
and when power is restored to the cell.

8. The method of claim 6, wherein the transferring is a
non-algorithmic process.

9. The method of claim 8 carried out on a plurality of said
cells, wherein the transferring is a parallel, non-algorithmic
process.

10. The method of claim 6, wherein said memory cell
functions as volatile memory upon restoration of power to
said memory cell.

11. The method of claim 6, wherein said floating body is
configured to a predetermined state prior to being charged
based on charge stored in the other of said two storage loca-
tions of the trapping layer.

12. The method of claim 6, wherein a charge in said floating
body, upon restoration of power to said memory cell, is
complementary to a charge stored in the other of said two
storage locations of the trapping layer.

13. The method of claim 6, wherein the other of said two
storage locations of the trapping layer is configured to a
predetermined state after said floating body is charged based
on charge stored in the other of said two storage locations of
the trapping layer.

14. A method of operating a memory cell having a floating
body for storing, reading, and writing data as volatile
memory, and a trapping layer comprising two storage loca-
tions for storing data as non-volatile memory, wherein said
volatile memory is used as a write buffer for said non-volatile
memory, the method comprising:

writing first data to the floating body of said memory cell;

transferring the first data stored in the floating body to
one of said two storage locations of the trapping layer
as non-volatile memory;
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writing second data to the floating body of said memory
cell upon completion of transferring said first data;
and

transferring the second data in the floating body to the
other of said two storage locations of the trapping
layer as non-volatile memory.

15. The method of claim 14, wherein the transferring is a
non-algorithmic process.

16. The method of claim 14, wherein said memory cell
comprises a first memory cell, said floating body comprises a
first floating body, said trapping layer comprises a first trap-
ping layer and said storage locations comprising first storage
locations, and further comprising a second memory cell hav-
ing a second floating body for storing, reading, and writing
data as volatile memory, and a second trapping layer com-
prising two second storage locations for storing data as non-
volatile memory, said first and second memory cells provided
in a memory array, said method further comprising:

writing third data to the second floating body of said second

memory cell simultaneously while performing said
transferring the first data.
17. The method of claim 16, further comprising:
transferring the third data stored in the second floating
body to one of said two second storage locations of the
second trapping layer as non-volatile memory;

wherein said writing second data can occur simultaneously
with said transferring the third data when said transfer-
ring the first data completes prior to completion of said
transferring the third data.

18. The method of claim 14 carried out on a plurality of said
cells in a memory cell device, wherein the transferring is a
parallel, non-algorithmic process.

19. The method of claim 15, wherein said memory array
comprises a plurality of said first memory cells and a plurality
of said second memory cells, and the transferring steps are
carried out as parallel, non-algorithmic processes.

20. The method of claim 14, wherein at least one of said
transferring processes is carried out automatically upon loss
of power to said array.

21. The method of claim 17, wherein at least one of said
transferring processes is carried out automatically upon loss
of power to said array.

#* #* #* #* #*



